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(57) Abstract 



In a method of printing, an article (1 ) to be printed is provided with a photosensitive coating (2) including a plurality of photoreccptive 
materials (a. b. c) that arc sensitive to electromagnetic radiation of different wavelengths (X, Y. Z) and that produce predetermined visible 
colours when exposed to said radiation. The image, which is stored in digitised form as a set of digital data, is generated by controlling 
tiie exposure of said photosensitive coating (2) to the radiation in accordance with the digital data. The image is *en stabilised. 



CID: <WO 9716318A1J_> 




FOR THE PURPOSES OF INFORMATION ONLY 
appIicatS^'^ft*: ^^'^ I»«5"o Ae per on the fron, pages of pamphlets puWishing i„,ema.io„al 



AM 


Aimenu 


AT 


Auuiu 


AU 


Australia 


BB 


Barixados 


BE 


Belgmm 


BF 


Btnkina Faso 


BG 


Bulgaria 


BJ 


Benin 


BR 


Bnzir 


BY 


Belaius 


CA 


Canada 


CF 


Central Airican 


CG 


Codgo 


CH 


Switzerland 


CI 


COte d'lvoiie 


CM 


Cameroon 


CN 


China 


CS 


Czechoakjvakia 


CZ 


C«ch Republic 


DE 


Germany 


DK 


DcDmarfc 


EE 


Estonia 


ES 


Spain 


n 


Finland 


FR 


France 


CA 


Galxin 



GB 

GE 

GN 

GR 

HV 

IE 

IT 

JP 

KE 

KG 

KP 

KR 

KZ 

U 

LK 

LR 

LT 

LU 

LV 

MC 

MD 

MG 

ML 

MN 

MR 



United Kingdom 

Geofgia 

Guinea 

Greece 

Hungary 

Ireland 

haly 



Kenya 
Kyrgysian 

I>emocfaric Pteople't RqMiblic 
of Korea 

Republic of Korea 

Kazakhstan 

Uectuenstein 

Sri Unka 

Liberia 

1 ff hiiania 

Luxembourg 

Latvia 

Monaco 

Republic or Moklova 
Madagascar 

Mali 

Mongolia 
Mauritania 



MW 


Malawi 


MX 


Mexico 


NE 


Niger 


NL 


Netherlands 


NO 


Norway 


NZ 


New 7>jii*tiff 


PL 


Poland 


PT 


Pbttngal 


RO 


Romania 


RV 


Russian Federation 


SD 


Sudan 


5E 


Sweden 


SG 


Singapore 


SI 


Slovenia 


SK 


Skrvakia 


SN 


Senegal 


sz 


Swaziland 


TD 


Chad 


TG 


Togo 


TJ 


Tajikistan 


TT 


1>iaklad and Tobago 


VA 


Ukraine 


UG 


Uganda 


US 


United States of America 


vz 


Uzbekistan 


VN 


Viet Nam 



BNSOOC ID; <WO 97 1 631 BA 1_L> 



wo 97/16318 




PCT/GB96A)264] 



APPARATUS TOR AND METHOD OF PHXNTiyG 

The present invention relates to a method of printing and 
an apparatus for printing. In particular, the invention 
5 relates to a digital printing method and an apparatus for 
printing digitally. 

Digital printing techniques involve transferring a 
digitised image to an article to be printed. Such 

10 techniques are frequently employed where traditional offset 
or lithographic techniques are inappropriate. For example, 
digital printing may be used for one-off prints or for 
small print runs, where the expense and/or lead time of 
preparing a set of lithographic plates is 

15 disproportionately high. 

Known digital printing techniques generally involve 
electronically transferring the printing inks directly or 
indirectly to the article to be printed so as to build up 
20 the desired image. For a colour image, inks of four 
different colours (magenta, cyan, yellow and black) are 
generally required and each of these is normally 
transferred separately to the article. This can be 
achieved in various different ways. 

25 

For example, in the E-Print (TM) printing system disclosed 
in International patent application No. PCT/NL9 3/0001 0 , 
ionised ink droplets are transferred by electrophoresis 
onto a charged drum in the desired pattern, which then 
30 transfers those droplets to the article. The four colours 
are transferred consecutively and the process is therefore 
relatively slow. Also, because the printed image is made 
up of individual droplets of ink, solid block colours 
cannot be produced. 

35 

An alternative digital printing technique involves 
transferring the ink to the article by means of an Inkjet 
print head. In this method, droplets of ink of the four 
constituent colours are propelled onto the article from a 
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printhead that is located a short distance away from the 
substrate The droplets defor. and spread slightly upon 
contact wxth the article and the definition is not 

5 solxd blocx colours cannot be produced since the printed 
image as made up of individual droplets of ink. 

A further disadvantage of both above-mentioned techniques 
h""^"*" technique is suitable for printing onto 
10 o<idly-shar>ed object. s„ch as bottles or othe.- .ortain^r^ 
or onto articles with uneven, delicate or soft surfaces' 
such as fabrics or foams. 

It is an Object of the present invention to provide a 
15 printing method and an apparatus for printing that 

:::::::::.ge:! "^^^ °^ -ve-mentioned 



20 



25 



30 



35 



According to the present invention there is provided a 
method of printing wherein an article is provided on which 
an .mage is to be printed, said article having a 
Photosensitive coating including a plurality of 
photoreceptive materials that are sensitive to 
electromagnetic radiation of different predetermined 
wavelengths and that produce predetermined visible colours 
When exposed to electromagnetic radiation of said 
predetermined wavelengths, the article is exposed to 
electromagnetic radiation of said predetermined wavelengths 
to generate an image within said coating, and said image is 

Ii!!'.'''T; ^^-^ -id image is stored in 

digitised form as a set of digital data and the image is 
generated by controlling the exposure of said 
Photosensitive coating to said electromagnetic radiation in 
accordance with said digital data. 

Because the image is printed digitally, it is possible to 
print directly images that have been generated digitally. 
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for example using a computer. One-off prints and short 
print runs can therefore be printed without the high costs 
associated with offset printing techniques. However, 
because the image is generated optically within a single, 
5 homogeneous coating rather than by transferring different 
coloured inks to the printed article, the process is much 
faster than conventional digital printing techniques. 
Also, block colours can be produced. 

10 Further advantages provided by the printing method include 
that the definition is very high and that the method can be 
used to print many different types of two- and three- 
dimensional articles. 

15 Advantageously, said photosensitive coating includes at 
least three different photoreceptive materials that produce 
the colours red, blue and green when exposed to radiation 
of said predetermined wavelengths. Alternatively, said 
photosensitive coating may include at least four different 

20 photoreceptive materials that produce the colours magenta, 
cyan, yellow and black when exposed to radiation of said 
predetermined wavelengths. 

Advantageously, said photosensitive coating is exposed to 
25 electromagnetic radiation of said predetermined wavelengths 
by selectively activating an array of radiation sources 
located in close proximity with said photosensitive 
coating. 

30 Advantageously, said array is translated relative to said 
article, whereby each radiation source within said array 
exposes an area of said photosensitive coating by scanning 
that area in a predetermined pattern. The array may be 
translated relative to said article either by moving the 

35 array and keeping the article stationary or vice versa. 

Advantageously, each array comprises a plurality of pulsed 
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sen,iconductor lasers. These lasers are extremely si.aH and 
-ny can therefore ^ incorporatea Into an arraj Zll IZ 

10 special precautions. ''''^ "^^'^ ^""^ 

Advantageously, said pulsed semiconductor lasers aen«. . 

15 laser.! ™»„ * pulsed semiconductor 

lasers may, for example, be Hamamatsu Photonics diode 
semxconductor pulsed lasers, models PLP-03/PI.DH082 pip 
03/PI,DH088, PLP-01/LDH130 and PLP-01/I.DH155 ' 

in an alternative arrangement, the photosensitive coatina 
^Tn t ^^V--™ic radiation hy scann ng h 
coating in a predetermined pattern, for example a raster 
pattern. only one radiation source is then required f" 
each wavelength. «4u-Lrea ror 

" op~rt"" "'"^""^ -velengths follow a common 

ZT \ Registration of the different colours is 

thus made easier and the optical arrangement is simplified 

Advantageously, said electromagnetic radiation is generated 
30 by means of a plurality of gas pulsed lasers, for'ZpL 
excimer lasers. such lasers can be fired at very Sh 
pulse rates, for example at up to loO pulses per seco^! 
and provide very high definition. second. 

35 ^^-ntageously, said gas pulsed lasers generate ultraviolet 

iZTrT: 'X^^^^^'^'- ^ •candled under nor^a" 

lighting conditions and, because the wavelength of the 
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ultraviolet radiation is very short, very high definitions 
can be achieved. 

Advantageously, said gas pulsed lasers generate radiation 
5 of at least one of the following wavelengths: 193nm, 248nin, 
308nm and 351nin. 

Advantageously, said gas pulsed lasers include at least one 
of the following types: argon fluoride, krypton fluoride, 
10 xenon chloride and xenon fluoride. 

The lasers may, for example, t>e Lambda Physik gas pulsed 
excimer models: argon fluoride LPX210i, krypton fluoride 
LPX220i, xenon chloride LPX210i and xenon fluoride LPX210i. 

15 

Advantageously, said image is stabilised by exposing said 
article to electromagnetic radiation of another 
predetermined wavelength. Preferably, the image is 
stabilised by exposing the article to ultraviolet 
20 radiation . 

Advantageously, the coating includes a photoreceptiye ink. 

Advantageously, said method includes the step of applying 
25 the coating to at least a portion of the article. 

The present invention further provides an apparatus for 
printing an image on an article, said article having a 
photosensitive coating including a plurality of 

30 photoreceptive materials that are sensitive to 
electromagnetic radiation of different predetermined 
wavelengths and that produce predetermined visible colours 
when exposed to electromagnetic radiation of said 
predetermined wavelengths, said apparatus including means 

35 for receiving said article, at least one radiation source 
for generating electromagnetic radiation of said 
predetermined wavelengths, means for directing said 
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saad coating. and ™eans for stabilising said i«age 
Characterised in that said apparatus includes . 

5 iToT. "T"' "'^'"^^ ^^^^ representing th! 

xn.age to be prxnted in digitised for™, and control Lans 

riiaTor^n'"' T ^^'^ - 

sa?d dat . -^^^ ^^i^il^al data stored in 

said data storage means. 

10 Advantageously, the apparatus include, an array of 
radiation sources that, in use, is located in close 
proximity With said photosensitive coating. Alternatively 
the array may be located remotely and the radiatio^ 
transmitted by, for example, optical fibres to the articl"? 

Advantageously the apparatus includes means for 
translating said array relative to said article whereby in 
use. each radiation source within said array exposes an 
area of said digitised image by scanning that area L a 
20 predetermined pattern. 

Advantageously, said array comprises a plurality of pulsed 
semiconductor lasers. puisea 

25 Advantageously, said pulsed semiconductor lasers generate 
infrared radiation. generate 

Advantageously, said pulsed semiconductor lasers generate 

30 lTonTZ°" ''''' °' '^'^""^"^ wavelengths: 

82onm, 880nm, i300nm and I550nm. Said pulsed semiconductor 
lasers may, for example, be Hamamatsu Photonics diode 
semiconductor pulsed lasers, models PLP-03/PI.DH082 plp- 
03/PLDH088, PLP-01/1.DH130 and PLP-01/LDH155. 

35 ^^vantageously, the apparatus includes means for scanning 
said photosensitive coating with said radiation in a 
predetermined pattern. 
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Advantageously, said scanning means is arranged such that 
said different predetermined wavelengths follow a common 
optical path. 

5 Advantageously, said radiation source includes a plurality 
of gas pulsed lasers, for example excimer lasers. 

Advantageously, said gas pulsed lasers generate ultraviolet 
radiation. 

10 

Advantageously, said excimer lasers generate radiation of 
at least one of the following wavelengths: 193nm, 248nm, 
308nm and 351nm. 

15 Advantageously, said gas pulsed lasers include at least one 
of the following types: argon fluoride, krypton fluoride, 
xenon chloride and xenon fluoride. 

The lasers may, for example, be Lambda Physik gas pulsed 
20 excimer models: argon fluoride LPX210i, krypton fluoride 
LPX220i, xenon chloride LPX210i and xenon fluoride LPX210i. 

Advantageously, said means for stabilising the image 
includes means for exposing said article to electromagnetic 

2 5 radiation of another predetermined wavelength. 

Advantageously, said means for stabilising the image 
includes a source of ultraviolet radiation, 

30 Advantageously, the apparatus includes means for applying 
said photoreceptive coating to at least a portion of said 
article. 

Advantageously, the apparatus includes conveyor means for 

3 5 conveying an article through the apparatus. 

Advantageously, said apparatus has a definition of at least 
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800dpi and preferably 1200dpi and more preferably 2400dpi. 

Embodiments Of the invention will now be described with 
reference to the accompanying drawings, of which- 

Fig- 1 is a diagrammatic cross-section through a carrier 
".ateraal having a photosensitive coating, f or use T'L 
printing process; 

10 Fig. 2 is a diagrammatic cross-section through the carrier 
»ate..., ^^^^^^ ^^^^^^^ rier 

photosensitive coating; 

15 ItlL^' ^ i^^«^^"ting certain steps of the 

15 printing method; 

Fig. 4 is a diagrammatic plan view of a printing machine 
according to a first embodiment of the invention, and 

Icc^rdinJ t ^'^^"""^^^^ Of a printing machine 

according to a second embodiment of the invention. 

AS shown in Fig. i, the carrier material comprises a 
substrate i having a photosensitive coating 2 applied to 

tr^iVh"^ T""- '""^ '^^^^'"^ ' "-^^ ^"""-^^^ ^ ./aLparent 
trichromatic emulsion or a photoreceptive in)c or toner 

cva^It --'^ Photographic, diazo- and 

cyanotype processes. 

30 

The coating 2, which is transparent prior to exposure 
includes three types of photoreceptor molecule a, b and c 
and a carrier/bonding agent d. For clarity, these 
molecules are shown in a grid-liKe distribution: it will bl 
35 understood that in practice the molecules are distributed 
randomly throughout the coating 2. 



BNSDOCID: <WO 9716316A1J_> 



wo 97/16318 



PCT/GB9d/02641 



9 



The photoreceptor molecules a, b and c are sensitive to 
different narrow bands of radiation, which are preferably 
in the ultraviolet or infrared parts of the electromagnetic 
spectrum. When radiation of the appropriate wavelength is 
5 incident on one of the photoreceptor molecules it causes a 
change in the structure of the molecule, which alters the 
optical absorption of the molecule- As a result, when an 
article having a coating of the photosensitive material is 
exposed to radiation of the appropriate wavelength, it 
10 changes colour. 

The photoreceptor molecules a, b and c are selected so that 
upon exposure to radiation of the appropriate wavelengths, 
they generate the primary colours red, blue and green in 

15 the printed article. By selectively exposing the coating 
to radiation of the three required wavelengths and varying 
the intensity and/or duration of that exposure, a full 
range of colours can thus be produced. Alternatively, four 
types of photoreceptor molecules may be provided that 

20 generate the colours magenta, cyan, yellow and black. 

In a preferred form of the invention, the photoreceptor 
molecules are sensitive to invisible radiation, for example 
ultraviolet or infrared radiation. Using invisible 

25 radiation provides various advantages over the use of 
visible light. One of these is that shielding is not 
generally necessary, providing that the photosensitive 
material is protected from accidental exposure to sources 
of the invisible radiation, such as sunlight. The printing 

30 operation can therefore be observed under normal lighting 
conditions and the materials can be handled without the 
need for special precautions. If the materials are 
sensitive to radiation that is near to the ends of the 
visible spectrum (for example ultraviolet radiation of 

35 351nm wavelength), appropriate filtering may be necessary. 

Fig. 2 illustrates a method of exposing the photosensitive 
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coating 2. Three sections 3,4,5 of the coaling 2 are 
exposed to radiation of the wavelengths reguirea t! expol^ 

2 .3 exposed to radiation of a first wavelength X, to which 
5 the molecules designated a are sensitive This 

Change in the structure of those molecules (wliist ^rvl ^ 
.olecules ^ and c unaffected), which results L the fL! 
sect.on 3 taking on a first colour, for example red 

The second section 4 is exposed to radiation o. . 
wavelength y, to which the .olecules designated t> ar! 

Ther.ror., by exposln, th. co.ting 2 to th. 

30 wav.^^^^^^^^^ . . ,,,, colour Irinte:^.::: caT:: 

and Tn"th"'°"' wavelengths ™ay overlap 

25 2\ overlapping areas two or three groups of 

tl oT^'": ^'^^ - -^^^ allows a" 

the other colours including black to be produced. 

tL'tr"""" --"iciently great, substantially all 
the photoreceptor molecules of the appropriate type in th^ 
30 exposed area will be structurally altered, and a leertrnt 
W.11 be produced. .ig..er tints can be produced ^Hp'iy^y 

thaTrt 'T. '"^"^''^ °^ so 
sufficient radiation to affect them. m both cases 
35 however, block colours will be produced, as changes !; 
exposure affect the depth of colour rather than the sYze of 
the Pixels making up the printed image. 
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After exposure, the printed image is cured by evaporating 
the carrier and bonding the photoreceptor molecules to the 
substrate 1. This may be achieved by exposing the article 
to high intensity ultraviolet radiation (providing this is 
5 not of a wavelength to which the molecules a, b and c are 
sensitive). The ultraviolet radiation also removes a key 
part of the structure of the molecules a, b and c to 
inhibit the photosensitivity of the molecules and prevent 
deterioration of the image, should the image be exposed 
10 subsequently to, for example, sunlight. 

Alternatively, chemical processes may be employed to 
develop and/or cure the printed image. For example, a 
latent image may be generated in a photosensitive material 
15 by exposing the material using the digital techniques 
described below and the image may then be developed using 
photographic developing and fixing processes. 

The steps of the printing process are illustrated 
20 diagrammatically in Fig. 3. In the first step, the 
photosensitive ink or toner is applied to the article to be 
printed, so that is covers the area in which the printed 
image is to appear. Unlike a conventional printing 
process, the image is not built up during the process of 
25 applying the ink and this means that the ink can be applied 
by any suitable method, for example by spraying or using a 
roller. Also, only one coating of photosensitive ink has 
to be applied, as compared to the four different inks that 
are required for a lithographic print. 

30 

The articles to which the coating may be applied are 
numerous and almost without limit. Because the method of 
applying the coating does not affect the image-forming 
process, and the image may be created without any physical 
3 5 contact with the article, many different types of article 
may be printed, including articles with soft, uneven or 
easily damaged surfaces. Examples of articles that may be 
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printed include bottles and other containers, fabrics and 
foamed materials, as well a<= r,«„ series and 

materials. '^^''^"^ ^"'^ "'^^^'^ sheet 



' Pretr^a'tment ''''' '^"^''"^ "^^^^^ - ^ 

e^o— irt^en ~ 

Lo ir.i-^=. ^ ^ne coating is sensitive only to 

oni " radiation, suniignt „iii J^'^l 

only s.g„.fieant source of sucn radiation and It Jx, 

5 During the second stage of the Drini-ir.^ 

A printing machine according to a fin<=i- o™k ^• 

^r.xr^^^' rirst embodiment of the 

invention is shown in Fig. 4 Thic; m^^K • 

Tnis machine includes a 

heads 10,11 and a curing head 12. The type of conveyor 
used depends only on the nature of the Trticlerto be 
printed and may therefore taKe many different forms The 
conveyor may be arranged to run continuously Z 
alternatively, it may be arranged to place articles Ineat; 

image forming process. The conveyor may, for example take 
the form of a belt or roller conveyor or a robot TZ'. 

pulsed semiconductor lasers 13 that generate radiation at 
the wavelengths to which the photoreceptive molecules L 
the coating 2 are sensitive. Per example, the first array 
10 may include semiconductor lasers that operate at 
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infrared wavelengths of 820nin and SSOnm, and the second 
array 11 may include infrared semiconductor lasers that 
operate at wavelengths of 1300nm and 1550nm. Separate 
arrays may alternatively be provided for each of the 
5 different types of laser, or all four types of laser may be 
included in one array. 

Suitable semiconductor lasers for use in the arrays include 
Hamamatsu Photonics diode semiconductor pulsed lasers, 
10 models PLP-03/Pl*DH082 , PLP-03/FLDH08tt , PLP-01/LDH130 and 
PLP-01/LDH155 , which have operating wavelengths of 820nm, 
880nm, 1300nm and 1550nm respectively. 

Although the semiconductor lasers 13 are very small (less 

15 than 6mm in diameter) , they cannot with present day 
technology be packed sufficiently closely to produce 
required definitions of up to about 2400dpi. Relative 
movement between the arrays and the article is therefore 
provided, by means of either stepper or servo motors 14. 

20 In the case of a printing machine with a continuously 
advancing conveyor, this movement may consist simply of a 
reciprocation of the heads 10,11 in a direction 
perpendicular to direction of movement of the conveyor 9 , 
so that each laser traces a raster pattern on the article 

25 as it advances. Alternatively, if the article is 
stationary during exposure, the heads 10,11 may be 
reciprocated in two orthogonal directions above the 
article, so that each laser similarly exposes a small area 
of the coated article by tracing a raster pattern on that 

30 area. 

The size of the area traced by each laser is of course 
dependent on the size and spacing of the lasers. The areas 
exposed by adjacent similar lasers overlap one another and 
3 5 the lasers are arranged so that every point within the 
boundaries of the image may be exposed to each of the four 
appropriate wavelengths. Therefore every point can take on 
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any colour, depending on the exposure of that point to each 
of the different wavelengths. 

It is of course possible that- is<,«^ 

necessary to provxde for relai-iv« 
»ove.ent between the arrays and the article to he ^^ted 

10 It is also envisaged tnat instead o*- 

r>e printed, they may be located remotelv ^r.ri 
transmitted to the article by .eanl^^ L.^irr r^^n" 
thxs way the effective density of the radiation slu:: s .ay 
15 be increased considerably, which »ay remove the need 21 
the array to be translated relative to the article. 

ZZ.T" " ^i^itally controlled by .eans of a pulse 

- z^':' ^^^^-^ ^ - - about ioL; 

Of the c . " """^'^ 25X10-^^^, 

Of the coating is exposed and a dot of colour is generated 
the colour of the dot being dependent on the wav^"; 
Z — — a Picture eleJnt o" 

5 pulsed ' "--^ - array of 

pulsed semiconductor lasers as described above, an iLll 
having a definition of .ore than 2400dpi can be produced 

After exposure, the article is transferred to the curino 
nead 12, Where the carrier is evaporated and th^Lage 
0 permanently bonded to the article Tho „ . 

.olecules are structurally ai:::::* .u^g "7:^ 
prevent further reaction to infrared radiation. The curing 

_ the image by evaporating the carrier substance. 

^ alternative form of printing machine is shown in Fig. 5 
in this machine, the arrays of semiconductor lasers are 
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replaced by a bank of three (or four) gas pulsed excimer 
lasers 15,16,17. These may, for example, be Lambda Physik 
gas pulsed excimer lasers models argon fluoride LPX210i, 
krypton fluoride LPX220i, xenon chloride LPX210i and xenon 
5 fluoride LPX210i, which have operating wavelengths in the 
ultraviolet of 193nm, 248nm, 308nm and 351nm respectively. 

The ultraviolet radiation of the three lasers is collimated 
into three mirrors 18a, b,c and the combined collimated beam 
IC 19 is then scanned across the coated area of the article 1 
in a raster pattern by means of a galvonomic mirror 20. 
The beam 19 is focused onto the surface of the article by 
a scanning lens 21. 

15 The optical arrangement described above can of course be 
modified, for example by the inclusion of a second 
galvonomic mirror to cause scanning in an orthogonal 
direction, or by replacing the scanning lens 21 with a 
separate post-objective scanning lens or linear translator 

20 mounted between the mirrors 18a, b,c and the galvanomic 
mirrors 20. 

In operation, the laser beam 19 is scanned in a raster 
pattern across the area of the article that is to be 

25 exposed and the lasers 15,16,17 are fired by pulse 
modulation trains so as to build up the digitised image. 
Each time one of the lasers fires a small area (about 25x10" 
"^"hn^) of the photosensitive material is exposed and the 
resulting dot of colour constitutes a pixel of the complete 

3 0 image. Each pixel may be of any colour, depending on the 
exposure of that point to each of the wavelengths. The 
pixels may overlap one another and full block colours may 
thus be produced in areas of both deep and light colour. 

35 An advantage provided by the above system over conventional 
printing techniques is that because a common optical path 
is used by the radiation from each of the lasers, correct 
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r«,istration only n^. to ^j„^.„ ; 

shorter than those Of visible liaht 
can be focused to a sllZl spit so 'T'"^ 
<^erinitio. in the final pa^^rlt ^ '^^^^^ 
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15 



1. A method of printing wherein an article is provided on 
which an image is to be printed, said article having a 
photosensitive coating including a plurality of 
photoreceptive materials that are sensitive to 
electromagnetic radiation of different predetermined 
wavelengths and that produce predetermined visible colours 
when exposed to electromagnetic radiation of said 
predetermined wavelengths, the article is exposed to 
electromagnetic radiation of said predetermined wavelengths 
to generate an image within said coating, and said image is 
stabilised, characterised in that said image is stored in 
digitised form as a set of digital data and the image is 
generated by controlling the exposure of said 
photosensitive coating to said electromagnetic radiation in 
accordance with said digital data. 



2. A method according to claim 1, wherein said 
20 photosensitive coating includes at least three different 
photoreceptive materials that produce the colours red, 
green and blue when exposed to electromagnetic radiation of 
said predetermined wavelengths. 



25 



30 



35 



3. A method according to claim 1, wherein said 
photosensitive coating includes at least four different 
photoreceptive materials that produce the colours magenta, 
yellow, cyan and black when exposed to electromagnetic 
radiation of said predetermined wavelengths. 

4. A method according to any one of the preceding claims, 
wherein said photosensitive coating is exposed to 
electromagnetic radiation of said predetermined wavelengths 
by selectively activating an array of radiation sources 
located in close proximity with said photosensitive 
coating. 
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5. A method according to claim A, in which said array is 
translated relative to said article, whereby each radiation 
source within said array exposes an area of said 
Photosensative coating by scanning that area in a 

5 predetermined pattern. 

6. A method according to claim 3 or claim 4, wherein said 
array comprises a plurality of pulsed semiconductor lasers. 

10 7. A method according to claim 6, wherein said pm^e- 
semiconductor lasers generate infrared radiation. 

8. A method according to claim 7, wherein said pulsed 

15 thr'r,T'^" radiation of at least one of 

15 the following wavelengths: 820nm, 880n», X300nm and issonm 



9. A 



method according to any one of claims i to 4 
Wherein said photosensitive coating is exposed to 
electromagnetic radiation of said predetermined wavelengths 
by scanning said photosensitive coating in a predetermined 
pattern . 

10. A method according to claim 9, wherein said different 
predetermined wavelengths follow a common optical path. 

lll^ "".""T"^ according to claim 9 or claim lo, wherein 
saxd electromagnetic radiation is generated by means of a 
plurality of gas pulsed lasers. 

30 12 A method according to claim li, wherein said gas 
pulsed lasers generate ultraviolet radiation. 

13. A method according to claim 12, wherein said gas 
pulsed lasers generate radiation of at least one of the 

35 following wavelengths: I93nm, 248nm, 308nm and 351nm. 

14. A method according to claim 13, wherein said gas 
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pulsed lasers include at least one of the following types: 
argon fluoride, krypton fluoride, xenon chloride and xenon 
fluoride. 

5 15. A method according to any one of the preceding claims, 
wherein said image is stabilised by exposing said article 
to electromagnetic radiation of another predetermined 
wavelength. 

10 16. A method according to claim 15, wherein said image is 
stabilised by exposing said article to ultraviolet 
radiation . 

17. A method according to any one of the preceding claims, 
15 wherein said coating includes a photoreceptive ink. 

18. A method according to claim 17, said method including 
the step of applying said coating to at least a portion of 
said article. 

20 

19. An apparatus for printing an image on an article, said 
article having a photosensitive coating including a 
plurality of photoreceptive materials that are sensitive to 
electromagnetic radiation of different predetermined 

25 wavelengths and that produce predetermined visible colours 
when exposed to electromagnetic radiation of said 
predetermined wavelengths, said apparatus including means 
for receiving said article, at least one radiation source 
for generating electromagnetic radiation of said 

30 predetermined wavelengths, means for directing said 
radiation onto said article to generate an image within 
said coating, and means for stabilising said image, 
characterised in that said apparatus includes a data 
storage means for storing digital data representing the 

35 image to be printed in digitised form, and control means 
for controlling the exposure of said article to said 
radiation in accordance with the digital data stored in 
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said data storage means. 

20. An apparatus according to clai™ 19, including an array 
Of radiation sources that, in use, is located in close 

5 proximxty with said photosensitive coating. 

21. An apparatus according to claim 20, including means 
for translating said array relative to said article 
Whereby, in use, each radiation source within said array 
exposes an area of said digitised l^age- by scannina tha. 
area in a predetermined pattern. 

22. An apparatus according to claim 20 or claim 21 
Wherein said array comprises a plurality of pulsed 

5 semiconductor lasers. 

23. An apparatus according to claim 22, wherein said 
pulsed semiconductor lasers generate infrared radiation. 



0 24. 



An apparatus according to claim 23, wherein said 
pulsed semiconductor lasers generate radiation of at least 
one Of the following wavelengths: 820nm, 880nm, I300nm and 
ibSOnm , 



means 



25. An apparatus according to claim 19, including 
for scanning said photosensitive coating with said 
radiation in a predetermined pattern. 

26. An apparatus according to claim 25, wherein said 
scanning means is arranged such that said different 
predetermined wavelengths follow a common optical path. 

27. An apparatus according to claim 26 or claim 27 
Wherein said radiation source includes a plurality of gas 
pulsed lasers. 

28. An apparatus according to claim 27, wherein said gas 
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pulsed lasers generate ultraviolet radiation. 

29. A method according to claim 28, wherein said gas 
pulsed lasers generate radiation of at least one of the 

5 following wavelengths: 193nm, 248nm, 308nm and 351mn. 

30. A method according to claim 29, wherein said gas 
pulsed lasers include at least one of the following types: 
argon fluoride, krypton fluoride, xenon chloride and xenon 

10 fluoride - 

31. An apparatus according to any one of claims 19 to 30, 
wherein said means for stabilising the image includes means 
for exposing said article to electromagnetic radiation of 

15 another predetermined wavelength. 

32. An apparatus according to claim 31, wherein said means 
for stabilising the image includes a source of ultraviolet 
radiation. 

20 

33. An apparatus according to any one of claims 19 to 32, 
including means for applying said photoreceptive coating to 
at least a portion of said article. 

25 34. An apparatus according to any one of claims 19 to 33, 
including conveyor means for conveying an article through 
the apparatus . 

35. An apparatus according to any one of claims 19 to 34, 
30 wherein said apparatus has a definition of at least 800dpi 
and preferably 1200dpi and more preferably 2400dpi, 
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